The plasma propranolol levels associated with the abolition of chronic, stable ventricular ectopic beats have been studied. Racemic propranolol (DL) suppressed the ectopic foci at plasma levels of 40-85 ng/ml in eight patients, but levels of 70-200 ng/ml were unsuccessful in four patients. Dextro-(D) propranolol levels of 180-310 ng/ml were ineffective in four patients who had previously responded at levels of 60-75 ng/ml of racemic propranolol. The significance of the sympathetic nervous system in the genesis of ectopic beats is discussed. It is concluded that propranolol is clinically effective by virtue of its beta-adrenergic blocking activity.
Introduction
Propranolol is now well established as an effective drug in the treatment of a variety of ventricular arrhythmias. Its mechanism of action, however, remains uncertain, since in addition to being a beta-adrenergic blocking agent propranolol resembles quinidine in being a potent local anaesthetic and in reducing the rate of rise of the intracellular cardiac action potential without affecting the resting potential or the repolarization time (Dohadwalla et al., 1969) . These latter properties, termed "quinidine-like" or "nonspecific," have been associated with suppression of certain experimental arrhythmias, particularly those due to digitalis intoxication in anaesthetized animals. They are, however, found only in vitro at concentrations far greater than those recessary to produce beta-adrenergic blockade and, in addition, are possessed equally by both optical isomers of propranolol, though dextro-propranolol has only onehundredth the beta-adrenergic blocking activity of the laevo form (Barrett and Cullum, 1968) .
The present study was designed to investigate the mechanism of antiarrhythmic activity 'in man by measurement of plasma levels of racemic and dextro-propranolol associated with suppression of stable ventricular ectopic beats, and by comparison of these levels with those previously shown to inhibit tachycardia due to exercise or isoprenaline in normal volunteers (Coltart and Shand, 1970) . If the antiarrhythmic effect of the dr4g was due to its "non-specific" activity, sunnression of ventricular ectopic beats would reauire very much higher olasma levels than those causing beta blockade, and, in addition, both optical isomers would show eciual activity. 
Methods
Twelve patients aged 34-69 (mean 52) years were studied; eight were men. All had ventricular ectopic beats which were stable from day to day and which occurred at a frequency of at least one to every four sinus beats. They were unifocal in eight patients, while in the remainder they appeared to originate from more than one site. Their aetiology was not always apparent, though in five there was clinical or cardiographic evidence of chronic ischaemic heart disease. Patients with valvular heart disease, obstructive airways disease, cardiac failure, or recent myocardial infarction were excluded from the study, and none had taken any medication over the preceding two weeks. The nature of the investigation was explained to them, and informed consent was obtained.
The patients were studied supine with electrocardiograph and cuff blood pressure monitored continuously throughout. Normal saline was infused intravenously for an in'itial control period of 30 minutes. At the end of this time racemic propranolol was administered intravenously at a rate of 1 mg/min to a total dose of 10 mg or until there was a positive therapeutic response, defined as complete suppression of ectopic beats for a period of at least two minutes. If the procedure was unsuccessful it was repeated on another day, when racemic propranolol was infused at 2 mg/min to a total dose of 20 mg under identical conditions. In four of the patients who had had a positive therapeutic response to racemic propranolol dextro-propranolol was administered on a separate occasion at 2 mg/min to a total dose of 40 mg. Both drugs were dissolved in normal saline, and the total volume of fluid given did not exceed 30 ml on any occasion. Blood samples were taken at the start of the control period, when suppression occurred, or at the end of the infusion if the procedure was unsuccessful, and plasma levels of propranolol were estimated by a fluorimetric method sensitive to both optical isomers of the drug . There were no side effects of the investigation.
Results
The mean frequency of ectopic beats in the control period was 28 per minute, and the maximum variation in ectopic frequency was three ectopic beats in any one-minute period above or below the mean value.
The results are given in the Table. Infusion of racemic propranolol suppressed ventricular ectopic beats in 8 out of the 12 patients, associated blood levels being in the range 40-85 ng/ml (64 ± 14). In no case did ectopic beats reappear within 10 minutes once suppression had occurred. In the four patients in whom suppression did not occur plasma levels of 70-200 ng/ml had been achieved by the end of the infusion. None of the four patients given dextro-propranolol responded despite blood levels of 180-310 ng/ml, compared with values of only 60-75 ng/ml of racemic propranolol which had previously caused suppression. Racemic propranolol caused a reduction in sinus rate in all cases-whether the ectopic beats were suppressed or not-which was closely correlated with the plasma level of the drug (r = -0-79, P < 0.001). Dextro-propranolol was without significant effect on heart rate. 
Discussion
The patients in the present study were a selected group, since those with digitalis intoxication were excluded by definition, and in none was there evidence of recent myocardial infarction. All were virtually asymptomatic at the time of study, and there was no reason to suspect increased sympathetic activity. Nevertheless, by studying such patients with frequent stable ventricular ectopic beats, and by taking complete suppression as the end point, sampling error due to relatively short monitoring periods was reduced. Prolongation of the study would have increased the possibility of accumulation of active metabolites of propranolol not estimated by the assay procedure (Coltart and Shand, 1970) , so that the concentration measured would have no longer reflected the antiarrhythmic activity of plasma. These considerations appeared to outweigh any difficulties in relating plasma concentrations to their effect on receptors during unsteady-state conditions such as arise during a short period of intravenous administration. Ventricular ectopic beats were suppressed in 8 out of 12 patients with intravenous doses of up to 20 mg of racemic propranolol. This proportion is in line with that in previous reports-where rather smaller doses of the drug were usedof patients with ectopic beats unrelated to acute mvocardial infarction or anaesthesia (Gibson and Sowton, 1969) . In two patients (Cases 9 and 12) ectopic beats persisted in spite of plasma levels of propranolol that were very much higher than those at which suppression occurred, suggesting a real difference in the response to svmpathetic blockade. All patients whose ectopic beats were abolished had plasma levels significantly lower than 100-150 ng/ml, the level previously shown to be associated with maximal blockade of tachvcardia in normal volunteers induced bv strenuous exerrd-following intravenous administration (Coltart and Shand, 1970) .
In the present study there was a close relation between plasma levels of racemic orooranolol and the reduction in sinus rate, showing that antiarrhytbm'ic activity appears over the same range of blood levels as those causing beta-adrenerric blockade. These concentrations are less than onehundredth those reouired in vitro to demonstrate local anaesthetic or cuinidine-like effects on isolated human cardiac muscle fibres (Coltart and Meldrum, 1970 (Gibson and Sowton, 1969) , the activity of racemic propranolol in the present group of patients in whom the associated reduction in sinus rate was small suggests that blockade of even low levels of symoathetic tone may alter the conditions contributing to the genesis or maintenance of the arrhythmia.
The failure of dextro-propranolol to suppress ventricular ectonic beats is in line with Previously renorted experience with dextro-isomers of beta-adrenergic blocking drugs (Linko et al., 1968) . It is at variance, however, with the results of Howitt et al. (1968) , who reported that racemic and dextroprooranolol had approximately equivalent effects on sunrnventricular and ventricular ectonic beats and tachycardia. The reason for this discrepancy is not clear, but it may reflect differences in the aetiology of the arrhythmias studied or the criteria bv which effectiveness was assessed. Nevertheless, the overall results of the present study support the concl11si;on thit propranolol is an antiarrhvthmic drug of clinical importance by virtue of its beta-adrenergic blocking activity, and that its non-specific effects play no more than a
